Mike Coogan Group Research Interests:-

The groups research areas are mainly based aroundrganometallics, coordination
chemistry photophysics (especially fluorescence irgag) and esoteric aspects of chirality.
Current research projects on organometallics invole applications of rhenium carbonyl
bisimine complexes in biological imaging, structurk and synthetic work on dicobalt
hexacarbonyl alkyne complexes, bioinorganic chemist and multimetallic systems.
Current chirality-based projects include an investgation of the use of circularly polarised
light in synthesis and the development and applicain of axially chiral heterocycles, the
biquinazolinones.

fac-Rhenium tricarbonyl bisimine complexes in biologial imaging
It has recently been shown by this group along wittaborators Drs. Angelo Amoroso and Simon
Pope of this School and Prof. David Lloyd, Cordiidlet and Dr. Anthony Hayes (of Cardiff
University School of Biosciences) that fac-rhenitrroarbonyl bisimine complexes, which are well
know ®MLCT emissive systems can be tailored to have #wired levels of lipophilicity and
polarity to be used as cell imaging agents in #goence microscopy. Additionally, chemical
modification of ligands allows us to target theoflaphores to specific cell compartments. This
work has been recognised by the RSC as signifisadtwas highlighted in the RSC publication
Chemical Biology http://www.rsc.org/Publishing/Journals/ch/Volume/2®7/8/Dye-namic _transitions.asp
These new fluorochoromes have advantages ovetidraali dyes in terms of the Stokes Shift and
long lifetimes associated wittMLCT systems which help in obtaining clear imageseffrom
interference from autofluorescence. Work is ongalegeloping thiol-reactive agents, and agents
for targeting mitochondria and other important orgjies. We use liposomes as cell models to
assess the membrane permeability of fluorescemtsigand advanced steady state and time
resolved fluorescence spectroscopy to fully undersithe chemical, physical and photophysical
properties of metal based lumophores before theyirdroduced to biological systems and high
resolution confocal fluorescence microscopy imag#ained (some of which are included below).
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Images obtained with Spironucleus vortens, a pagaflagellate using the respective rhenium
complexes. Note that sulphated complexes targedstige vacuoles, lipophilic complexes target
membranes, with the chain length determining winl@fmbranes are targeted .



Bioinorganic chemistry- biominetic dehalogenations
There are a family of bacteria which dechloringte tmportant pollutants tetrachloroethylene
(perchloroethylene, PCE) and trichloroethylene (T@B& organometallic intermediates based upon
cobalamine, B12. Isolated B12 is a poor model tog teactivity of the impornat enzymes
(dehalogenases) in this process and we are wotkimgrds complexes which mimic the chemistry
shown by the enzyme.

H>=<X In order to mimic the B12-FeS congomer we are now
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contain :-
1) A mimic for the Co in B12

2) A mimic for the FeS cluster, i.e. an electron deuithich will be reduced by an external
reductant, and in turn re-reduce Co to the actates

3) A source of hydrogen / protons to complete the bygkhalogenation required for the
conversion of PCE to ethane and a group whichshilittle these from the medium to the
reactive centre (i.e. hydrogen transfer)
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Our work is directed towards coupling transitiontaheomplexes with redox centres (both

metallic and organic) via a pyridine ligand andrexang their reactivity with reductants and
efficacy in catalytic dehalogenation.
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Cobalt Carbonyl Chemistry

Multimetallic Systems We have recently synthesised the first combinedilootime-cobalt
carbonyl complexes and showed that they retaimsedul reactivity of
‘*’T» the subunits (i.e. undergo Pauson-Khand reactiemeigte radicals by

\7%; b homolysis of cobaloxime Co_C bond).
e~ o This prototype cobaloxime — metal complex demotesréghat redox
) ~ active metal complexes and cobaloximes can coaridtundergo
g‘a’% ’ &2\% reactions (the PK) which formally involve shuttlin§oxidation state,

however the dimethylene bridge insulates the cofirale from the cobalt
carbonyl complex
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Synthetic Applications

A concise synthetic route to
indoles based around the Pauson-
Khand reaction has been

NH, ~ WeoREO ‘ developed, using a conjugate
C0,(CO), Co(CO), 2) R,Culi . addition of an organocuprate to
- - - O trigger condensation to the

heterocycle.



Circularly polarised light in asymmetric synthesis
We are working on a very ambitious project whichiimed at coupling the known phenomena of :-
1) The ability to induce small e.e.s in photochemrealctions / isomerisations by using
intrinsically chiral left or right handed circulgrpolarised light
2) The ability to use a variety of chemical or physio@ans to amplify e.e. from small, even
barely measurable levels to significant levels.

The interest here is both practical and philosaghic addition to possible applications of CPL in
asymmetric synthesis, it is known that cosmic raalareaching the earth is circularly polarised,
and it has been suggested that this chiral radiasiohe source of the overwhelming dominance of
single handed forms of naturally occuring chirallecales. Given the small e.e.s likely to have
been produced in prebiotic photochemical reactsmse form of chiral amplification process is
required to explain the evolution of single-handiée] and we are interested in developing models
for this process.
To this end we are currently working towards thetkgsis of a variety of species which are
racemisable by photochemical means such as twakethes and methylene cyclohexanes bearing
suitable substitution to allow chiral amplificatibm be attempted after a small e.e has been induced
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by irradiation with CP light.
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methylene cyclohexanes (a) twisted alkenes (b)
Photochemical isomerisations with CPL from other goups

One method of chiral amplification is the self dagdof a conglomerate crystallisation process in
which a small chiral influence can lead to the ation of crystals of a single enantiomeric form
of a substance from a racemic (or racemising) ®olutr melt. Kondepudihas demonstrated this
phenomenon in binaphthylene and also in complexels as Co(enBrNHs;, and we are interested
in attempting to couple this phenomenon with CPtademisation in photoactive species such as
the phenylene diamime and chromium (lIl) analogliestrated.
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Atropisomerism and “Asymmetric Transformations of the Second
Kind”

Atropisomerism or axial chirality is one kind of isomerism which occurs when molesuire
chiral by virtue of their overall shape rather theaving chiral centres. The 3D shape which renders
these molecules chiral is maintained as a resutirafered rotation around a bond or bonds, hence
the termatropisomerismfrom Atropos , a character in Greek traditional belief, oneldd three
Fates who severs the thread of life (atropos, rtiet not be turned, from a + tropos, from the verb
to turn). These molecules are not only of greathatis appeal, but have a wide range of
applications
We have recently reported the synthesis of a nessobf atropisomeric dimeric heterocycles, the
biquinazolinones (biQs). These are synthesized ondied gram scale from bisanthranoyl
hydrazinel, which itself is regularly prepared in our labargton one molar scafé.The syntheses
rely on easy heterocyclic chemistry and are highidymg giving stable crystalline produ@s-g
(Scheme L
BiQs are available as single enantiomeia a deracemisation(Scheme 2 which converts a
racemic sample into asingle enantiomein near quantitative yield. The crystallizatiorduced
“asymmetric transformation of the second kimgthich delivers the homochiral material has only
been optimized for a small number of substrate,dmcording to the mechanistic rationales which
explain the proces$:*® should be available for a large range of biQs.
Functionalization of biQs is achieved using sujadlbstituted biQs (e.@c) as electrophiles. The
biQs which we have encountered so far are stabss@ large temperature range and to a variety
of harsh chemical conditions. All biQs other thhe tinsubstituted cas2dj have high barriers to
rotation and are thus stereostable atropisomers.
We are interested in applying biQs to a range gfiegtions in asymmetric synthesis and as chiral
building blocks. Early targets are the applicatadrbiQs as chiral auxiliaries in organic synthesis,
the application of BINAP-like biQ ligands in asymime catalysis and the application of biQ
building blocks to the synthesis of metal-contagninelical macromolecules and coordination
polymers.
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Biographical Sketch

Mike Coogan was born in Birkenhead in 1969. He ga&eld from Leicester University in 1990
with an upper second class honours degree andmechdiere to study for a Ph.D. with Dr. R. S.
Atkinson investigating aziridinations of olefinsttviN-amino heterocycles. After periods of
postdoctoral work in Nottingham and Cardiff with . Knight and Sheffield with V. K.
Aggarwal he was appointed to a Lectureship at Duarbiaiversity in September 1998, before
moving to Cardiff as a Research Fellow in 2000pkeebeing appointed a lecturer in 2005, and
promoted to senior lecturer in 2007.



Full Publication List

1) Evidence for a methylenethioxophosphorane (tiisphene) intermediate in nucleophilic substitutiba
benzylthiophosphoryl centre; Michael P. Coogan ldiagtin J. P. Hargerd. Chem. Soc., Chem. Commun
199Q 1745.

2) 3-Acetoxyamino-2-trifluoromethylquinazolin-4(3tape as an aziridinating agent ; Robert S. Atkinson
Michael P. Coogan and Clive L. Cornell;Chem. Soc., Chem Commi©93,1215.

3) Nucleophilic substitution in benzylic thiophogpyl and thiophosphonyl chlorides: the contributimfn
elimination-addition pathways with methelenethiogbfworane (thiophosphene) intermediates; Michael P.
Coogan and Martin J. P. Hargdr;,Chem. Soc., Perkin Trans.1®94,2101.

4) Aziridination of alkenes using 3-AcetoxyamindrZluoromethylquinazolin-4(3H)-one; Robert S.
Atkinson, Michael P. Coogan and Clive L. CorndliChem. Soc., Perkin Trans.1996 157.

5) Preparation of NH aziridines in high enantiomerxcess via in situ aziridine-azirine interconi@ns
Robert S. Atkinson, Michael P. Coogan and lan S.0thrie;J. Chem. Soc., Chem Commuf96 789.

6) Reagent Controlled Diastereoselectivity in Adiimation of Alkenes by chiral 3-Acetoxyamino-3,4-
dihydroquinazolin-4-ones: 1'-(t-Butyldimethylsil{g)ethyl as the chiral 2-substituent on the Quitianne;
Robert S. Atkinson, Michael P. Coogan and lan S.0thrie;Tetrahedron Letter4996,37, 5179.

7) Intramolecular cyclisations of Hydroxylaminesred from Limonene: Reverse-Cope or Acid-Catalysed
Reactions?; M. P. Coogan and D. W. KnigFefrahedron Letter4996,37, 6417

8) Desilylative elimination of the quinazolinonagi (Q*) from 1-(Q*) 2-silylaziridines; preparatiaf an N-
H aziridine in high e.e. bin situ nucleophilic addition to the derived azirine; 1-{ziridine-azirine-1-H
aziridine conversion. R. S. Atkinson, M. P. Coogad I. S. T. Lochrie]. Chem. Soc., Perkin Trans. 1
1997 897.

9) Factors influencing the Reverse-Cope Approach2¢p-Oxathiazinanes from Allylamines and Nitrones
Optimization of a New Vicinal Diamine Synthesis; K.Bell, M. P. Coogan, M. B. Gravestock, D. W.
Knight and S. R. Thorntoetrahedron Letterd997,38, 8545.

10) Reverse-Cope Cyclisations of ThiahydroxylamiDesived from the Addition of Allylic Thiols to
Nitrones : Syntheses of 1,3-Thiazolidine-N-oxided &,5,2-Oxathiazinanes : M. P. Coogan, M. B.
Gravestock, D. W. Knight and S. R. Thorntdetrahedron Letter$997,38, 8549.

11) A Novel Procedure for the Synthesis of Epoxidgmplication of Simmons Smith Reagents Towards
Epoxidation, Varinder K. Aggarwal, Amjad Ali and Rl.Cooganl. Org. Chem1997,62, 8628-8629.

12) Bifunctional catalysts for catalytic asymmesidfur ylide epoxidation of carbonyl compoundsyider
K. Aggarwal, Louise Bell, Michael P. Coogan andllifgie Jubault,J. Chem. Soc., Perkin Trans.1998
2037.

13) The Development and Use of Ketene Equivalen@rganic Synthesis; Varinder K. Aggarwal, Amjad
Ali and Michael P. Coogan; Tetrahedron Report Nt8,Z etrahedron 1999,55, 293-312.

14) Application of Simmons-Smith Reagents to Epatiiwh and Aziridination, V. K. Aggarwal, M. P.
Coogan, R. A. Stenson, R. V. H. Jones and R. Fielsiy, inCatalysis of Organic Reactiongolume 82,
Ed. M. E. Ford; M. Dekker Inc. (New York), 2000 BN 0-8247-0486-X.

15) Asymmetric Transformation (deracemisation)ofdropisomeric Bis-heterocyclic amine; Michael P.
Coogan, David E. Hibbs and Emma SmartChem. Soc., Chem. Commur@99, 1991.

16) Rotational Barriers in Tetracyl hydrazinab:initio and functional density studies J. A. Platts andPM.
Coogan,J. Chem. Soc., Perkin TransZ000, 1075.

17) "Volatile Warning" M. P. Coogan, Lett&2hem. Br2000,5, 22

18) Tetraacylhydrazines and 3,3'-biquinazolin-djdhes; synthesis, studies of rotation barriers and
deracemisations, M. P. Coogan and S. C. Pags&hem. Soc., Perkin Trans.ZD00, 2060

19) A polarisednFT-IR study on a model system for nylon 6 6: iragtions for the nylon Brill structure
Sharon J. Cooper, Mike Coogan, Neil Everall, lae$tnall, Polymer, 20042, 10119.

20) Developments in the Simmons-Smith mediated idtion reaction. V. K. Aggarwal, M. P. Coogan, R.
A. Stenson, R. V. H. Jones, R. Fieldhouse andaktker,Eur. J. Org. Chem2002, 319.

21) Relationships between basisity, structure, etamnshift and the charge distribution in resonance
stabilized iminoamines, Sian T. Howard, James Att®kand Michael P. Coogah,Chem. Soc., Perkin
Trans. 2 2002, 899.

22) Synthesis and X-ray structure determinatiothiminated biphthalimides, M. P. Coogan, J. A. Blatid
R. G. HaighSulfur Letters2002, 25, 251.



23) Dicobalt hexacarbonyl-3-butyn-1-yl cobaloxinsgnthesis X-ray crystal structure and reactionhef
first combined cobaloxime-dicobalt hexacarbonylyalk complex, M. P. Coogan, T. Walther and L. S.
Stanton,J. Organomet. Chem2003, 677, 125.

24) A new chiral diol derived from tetralone foetbomplexation of Lewis Acids, Michael P. Coogan,
Robert Haigh, Lisa D. Harris, David E. Hibbs, RakerJenkins, Clair L. Jones and Nicholas C. O.
Tompkinson,Tetrahedron 2003,59, 1738.

25) A stereoselective synthesisantti-g,d alkynyl- and —alkenyb-hydroxy-a-amino esters from tin (Il)
enolates of glycine, Johnathan J. Gridley, MicliagCoogan, David W. Knight, K. M. Abdul Malik,
Christopher M. Sharland, Jirada Singkhonrat and ®Bfdliams,J. Chem.Soc., Chem. Comm@03, 2550.
26) Observation of the enhancement in enantiogeityclvith conversion for the aziridination of sgme
using copper bis(oxazoline) complexes John Gulli8kphia Taylor , Darragh Ryan , Paul McMorn ,
Mike Coogan , Donald Bethell , Philip C. Bulman Bagdrrederick E. Hancock , Frank King and Graham
J. Hutchings,J. Chem. Soc., Chem. Comm@003, 2808.

27) Carbonylative dimerisation of norbornene byatbbarbonyl: an overlooked by-product of the Raws
Khand reaction, Michael P. Coogan, Robert L. Jenkimd Eva Nutz]. Organometallic Chem2004, 689,
694.

28) Desymmetrisation Of A Diallyl System By Intral®cular Heck Reaction, Michael P. Coogan and Mark
J. Pottenger]. Organometallic Chen2005,690, 1409.

29) Synthesis Of Unsymmetrical 3,3’-Biquinazolin@2Diones By Condensation Of 3-
Aminoquinazolinones With Benzoxazinones; FortuitBiscovery, And Further Syntheses OH43-Oxo-
1,9a,10-triazaanthracen-9-ones, Michael P. Codgdring Ooi and Fabrizio PertusatQrg. Biomol. Chem.,
2005,3, 1134.

30) Pauson-Khand reaction of 2-ethynyl aniline:bgsts of fused-ring indoles by organocuprate catjig
addition followed by spontaneous dehydration, M@ Coogan, Li-Ling Oaand Derek S. Wilkins].
Organomet. Chem2005,690, 1861.

31) Novel Tetralone-Derived Retinoic Acid Metaboli8locking Agents: Synthesis and in Vitro Evaluatio
with Liver Microsomal and MCF-7 CYP26A1 Cell Assagook Wah Yee, Laetitia Jarno, Mohamed Sayed
Gomaa, Carole Elford, Li-Ling Ooi, Michael P. Coag®&ichard McClelland, Robert lan Nicholson,
Bronwen A. J. Evans, Andrea Brancale, and Claineo8s,J. Med. Chem 200548, 7123.

32) On the spontaneous induction of chirality ia fieparation of Werner’'s complex cis-
[CoBr(NH3)(en)2]Br2{Fang Guo, Meritxell Casadesksigene Y. Cheung, Michael P. Coogan and Kenneth
D. M. Harris,Chem. Commun2006, 1854.

33) Synthesis and CYP26AL1 inhibitory activity ofldenzofuran-2-yl-(4-alkyl/aryl-phenyl)-methyl]H-
triazoles, Stephane Pautus, Sook Wah Yee, MarymeJ&ichael P. Coogan and Claire SimdBigorg.
Med. Chem.2006,14, 3643.

34) A Oxygen-Dependent Reductive DechlorinatiorObforoform by
(Bisdiphenylphosphinomethane)Cobalthexacarbonyl(CO®)(dppm), Meritxell Casadesus, Michael P.
Coogan, Sarah Oakley, Elenna Davies and Li-ling @dDrganomet. Chen2006,691, 3715.

35) Synthesis Of 5-Alkylidene-1,3-Dioxane-4,6-Disnén Easily Accessible Family Of Axially Chiral
Alkenes: Preparation in Non-Racemic form and PlatiBinding Studies, Meritxell Casadesus, Michael P.
Coogan and Li-Ling Ooi,0Org. Biomol. Chem 2006 4, 3822

36) Synthesis of Bis(imino)aryl Iridium Pincer Coleypes and Demonstration of Catalytic Hydrogen-
Transfer Activity. Sarah H. Oakley, Michael P. CangRichard J. ArthuOrganometallics2007,26, 2285.
37) Stereochemical studies of cobalt ethylenediarnomplexes and their tetrathionate salts: intenast
between complex configuration and tetrathionatdaromation. Meritxell Casadesus, Michael P. Coogan*
Elenna Davies and Li-ling Odinorg. Chim. Acta.2007, doi:10.1016/j.ica.2007.06.033

38) Rhenium fac tricarbonyl bisimine complexesiducally useful fluorochromes for cell imaging
applications, Angelo J. Amoroso, Michael P. Cooglmnifer E. Dunne, Vanesa Fernandez-Moreira, Jacob
B. Hess, Anthony J. Hayes, David Lloyd, Coraliel&til Simon J. A. Pope and Craig William&hem.
Commun.2007, 3066

39) Electronic structure of the alkyne-bridged thiald carbonyl complex Co2C,H, (CO)James A. Platts,
Gareth. J. S. Evans, Michael P. Coogan, and Jaeelg@ardnorg. Chenm200746,6291.



